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Appendix
A) Fitness definition
Fitness is defined as:
Note that KRAKAUER and PLOTKIN (2002) defined fitness as:
where s is the effect of a single mutation on fitness (thus inversely related to robustness), k is the number of mutations, L the length of the genome, and C(s) is the cost of being robust (C(s) increases when s decreases i.e.
when robustness R=1/s increases). Epistasis could be introduced through an exponent Q acting on k: (DESAI et al. 2007; WILKE and ADAMI 2001) Therefore our model can be seen as an extension of their model in a continuous space instead of a discrete space and adding epistasis. To insist on the robustness parameter we finally choose to define fitness as:
Note that we could replaced the constant e by any other constant for it does not influence the conclusions since most of the results are not modified by the real value if this exponential factor (TENAILLON et al. 2007 ).
Moreover, it is worth noting that our results at equilibrium are not affected by the mutation process (as long as the distribution of the phenotypic changes is centered and symmetrical around its mean), nor by the isoclines of fitness: if we were to choose them as ellipsoidal instead of circular, our results would be similar (TENAILLON et al. 2007 ).
B) Genetic load
When µ increases (µ ~ 1/N), the population is no longer monomorphic and several mutants appear each generation. Thus the population suffers from a mutation load due to the segregation of some deleterious mutants between two fixation events. If µ does not increase too much, the population is dominated in proportion by the fittest genotype from which mutants appears. This genotype is the most recent common ancestor of all individuals in the population i.e. the last genotype that fixed. The mean population fitness between two fixation events is then approximately given by:
f(δ,R) is the fitness of the most recent common ancestor and e -µ is the fraction of individuals that do not mutate. Now taking into account the density probability distribution of genotypes fixations p(δ|R) the mean fitness 
C) Selective effect of robustness
The selective effect of a mutation from R to R' given that the phenotypic distance of the genotype is δ is by definition:
Thus the mean selective effect of a mutation changing R to R' at MSDE is:
If we assume that the change of robustness is small such that R'~R, then a series expansion gives: (ii) Since and (for N not too small)
we can approximate the mean selective effect by:
or for a small load L:
emphasizing the role of the genetic load in the selection for genetic robustness.
D) Mean long-term robustness
When classical traits and the modifier trait are at MSDE, then their joint probability density can be computed as:
with the integration constant as R is a 1-dimension variable, and
Finally the mean robustness is: More generally the selective effect of a multidimensional mutation changing R to R' is:
or more compactly with
